A variable environment affects the physiological states of individuals and, in the long run, 19 modifies their shapes. These changes, together with geographic barriers, generate 20 population structure. Here, we propose a graphical representation of significant associations 21 between genes, environments, and traits. A unique feature of the graph is the node of 22 genome FST. The subnetwork around this node suggests the cause and the effects of 23 population structure and segregation. A global structure of the graph enables to grasp a 24 comprehensive picture of adaptation to the environment. Focused look at the neighbors of 25 the environmental factors identifies the adaptive traits and the genetic background that 26 supported the adaptation of the traits. Isolated nodes express genetic differentiations that 27 are not explained by the population structure, implying the presence of some unrecognized 28 environmental factor. We show the potential usefulness of our graphical representation by a 29 detailed analysis of public dataset of wild poplar. 30 31 KEYWORDS 32 FST; environmental adaptation; genome scan; SNPs 33 34 35 3 Living organisms are adapted to their environment. This environmental adaptation can 36 create significant differences in phenotypes and traits among populations of a species. For 37 example, populations of sockeye salmon exhibit diversity in regards to life history traits 38 such as spawning time and habitat, adult body size and shape, rearing time in freshwater 39 and seawater, and adaptation to local spawning and rearing habitats within complex lake 40 systems (Hilborn et al. 2003). Populations of walking-stick insects have diverged in body 41 size, shape, host preference and behavior in parallel with the divergence of their host-plant 42 species (Nosil et al. 2002). Aridity gradients may be the cause of geographically structured 43 populations of Poaceae characterized by cytotype segregation of diploids and 44 allotetraploids (Manzaneda et al. 2012). When correlated with variation in environmental 45 factors over local populations, such variation in traits and phenotypes can offer an 46 opportunity for understanding natural selection processes (Coop et al. 2010). Adaptation to 47 environmental factors can change traits and phenotypes of a species, thereby creating 48 population structure. Geographical isolation, which can lead to reproductive isolation and 49 consequent differences in allele frequencies, also contributes to population structuring 50 (Wright 1965). Population structure needs to be considered when analyzing correlations 51 among genes, traits and environmental factors across population samples taken from a wide 52 range of geographical regions. 53 54
Because our major concern was identifying correlations between among-population 156 differentiations of genes, traits and environmental factors, we selected the SNP with the 157 highest global FST value over 22 populations, designated as the tag SNP, from each of the 158 3,516 gene regions. Out of the 3,516 tag SNPs, only those that were differentiated among 159 populations were subjected to the graphical representation analysis. We note that the scaled connection between ADd and disease progress (DP10 and DP11) ( Figure 2B ). In contrast, 205 ABd was not directly connected to DPs, but exhibited a strong connection to DAY, as did 206 DPs. All these nodes were directly connected to genome FST.
208
Average ADd was constant in the southern region up to 50° N, but increased with latitude 209 in the northern region ( Figure 3A) . In contrast, average ABd decreased with latitude in the 210 northern region ( Figure 3B ). DAY, which occurs in early summer, increased monotonically 211 with latitude ( Figure 3C ), while MAT decreased on average with latitude ( Figure 3D ). This 212 result indicates that poplar trees in northern populations experience longer and weaker 213 sunshine in summer but drop their leaves earlier. Interestingly, the pore size of abaxial 214 stomata was larger at lower values of ABd ( Figure 4A ), which demonstrates that northern 215 populations had larger abaxial stomata, but their density was lower because the leaf area 216 was limited. In contrast, the large variation in the pore size of adaxial stomata displayed no 217 relationship with ADd ( Figure 4B ). The presence of larger stomata causes leaves to have a 218 lower stomatal density but a greater photosynthetic efficiency (Lawson and Blatt 2014).
219
These results suggest that northern populations must increase photosynthetic efficiency to 220 adapt to an environment with weak sunshine and a shorter period before leaf shed. The 221 increased ADd of northern populations suggests that adaxial stomata compensate for the 222 decrease in abaxial stomata. Stomatal closure is part of the innate immune response to bacterial invasion (Melotto et al. 2006 ). An increase in abaxial stomata size and adaxial 224 stomata density might increase the risk of disease invasion. Our results suggest that wild 225 poplar can expand its habitat northward by increasing photosynthetic capacity while 226 heightening its risk of disease, although the latter is less significant in northern areas were found to be influenced by day length (Figure 5 , Supplementary Table S4 ). For Supplementary Table S5 ). and pairwise locus FST of the kth gene ( , ) between ith and jth populations. 
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Distance Data for Graph Figure S2 Radius-one neighborhood of genome FST. Any subgraph can be drawn given any subgraph origins, radii and genes. The Entrez summary, GO term and a scatter plot between any two nodes can be shown in the same graph window. SHT, colored in orange, was examined in this example. The scatter plot shows the correlation between genome FST and the SHT gene.
Genes related to reproduction are colored in pink (see text). 
